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Introduction
Multiple Sclerosis (MS) is a chronic progressive condition typically diagnosed when people are between 20 and 40 years old, and over time resulting in functional impairment and disability [1] . In people with MS, remaining physically active is important to maintain functional ability, independence, quality of life and to reduce the incidence of co-morbidity [2] . Nonetheless, people with MS often find engaging in physical activity and exercise challenging [3] , and are less physically active than the general population [1, 4] . Of particular concern, data suggests that only 20% of people with MS meet the recommended public health levels of Moderate-to-Vigorous Physical Activity (MVPA) compared with nearly 40% of healthy controls [5] .
Furthermore, people with MS more frequently participate in sedentary activities, such as sitting or reclining that requires very low levels of energy (<1.5 Metabolic equivalent) [6, 7] .
Engaging in physical activity and reducing prolonged sedentary behaviour is important for reducing the impact of functional impairment, disease progression and depression [1, 8, 9] . From a health perspective low levels of physical activity and pronounced sedentary behaviour raise concerns due to the well-established associated risk of other conditions, such as cardiovascular diseases (CVD), hypertension and glucose intolerance [10] . Recent evidence has found that people with MS have a higher incidence rate of myocardial infarction, stroke and heart failure and an increased relative risk of CVD than matched controls, regardless of age and country of birth [11] [12] [13] . Furthermore, people with MS are ~2.5 times more likely to develop insulin resistance compared to healthy controls [14] . The reason for the increased risk of co-morbidity in MS, found across the disability spectrum (Expanded Disability Status Scale (EDSS) 0.5-6.0) is largely unknown [15] , and may (in part) be explained by the common manifestations of MS and CVD, such as immune system dysfunction and inflammation, the use of disease modifying drugs and other MS treatments. However, it likely also relates to a lack of physical activity and a predominance of sedentary behaviour, leading to reduced insulin sensitivity and glucose tolerance and an increased risk of CVD [16, 17] .
Clearly, effective interventions that can assist people with MS to be more physically active are highly warranted. Such interventions typically focus on behaviour change, the identification of barriers and facilitators and self-monitoring and/or engagement in exercise. Sangelaji et al. [18] recently conducted a systematic review of studies evaluating behaviour change interventions aiming to increase physical activity participation. This review included 19 studies, not all of which included a measure of PA, and found that behaviour change interventions, of relatively short duration (8) (9) (10) (11) (12) weeks) may increase physical activity participation. However, the review by Sangelaji et al. [18] did not report on the baseline and post-intervention physical activity levels, did not include measurement of sedentary behaviour, and did not explore the effectiveness of interventions according to disability level. This is of importance since people with greater disability are known to engage in less physical activity and the more disabled group may therefore react differently to interventions than those of milder disability levels [19] . Therefore, the aim of the current review was to evaluate the effectiveness of interventions which target physical activity or sedentary behaviour in people with MS and evaluate variables, such as disability level, disease type and measurement technique, which may influence effectiveness.
Methods
The present systematic review follows the PRISMA guidelines on systematic reviews of Randomised Controlled Trials (RCTs) [20] . No predefined review protocol was published. Specifically the following PICO question [21] was formulated: "Amongst people with MS, to what extent do interventions aiming to improve physical activity or reduce sedentary behaviour (according to the definition of Caspersen et al. [22] and Pate et al. [23] ), in comparison to usual-care/wait-list control, active control or to another intervention, improve the level of physical activity or reduce sedentary behaviour evaluated by patient reported outcomes or accelerometry".
Search strategy
An electronic search of the following electronic databases: Web of Science Core 
Inclusion and exclusion criteria
To be included in the systematic review articles had to (i) include solely participants with MS or, where there was a combination of patient groups, the data pertaining to those with MS could be extracted; (ii) randomise participants to an experimental, control or active control condition; (iii) measure physical activity and/or sedentary behaviour using subjective or objective methods; (iv) be available in English. Articles were excluded if they were non-RCTs, non-human studies or conference abstracts.
Search results were saved and exported to www.covidence.org where duplicates were removed. Articles were initially screened by title and abstract, and the full text of relevant articles were read by two reviewers (EC and SB). Data was extracted by one reviewer (EC) and checked for accuracy by a second reviewer (SB).
Quality assessment
Quality assessment (external validity, internal validity and the reporting of statistics) was assessed using the 11-item Physiotherapy Evidence Database (PEDro) scale which has been shown to be reliable and valid in rating the methodological quality of studies [24, 25] . The scale gives a score out of ten (no point is awarded for the initial item of stating inclusion and exclusion criteria) as per the guidelines. A cut-off score of 5 is often used to distinguish between high and low quality studies [25] . PEDro scores of articles included on the PEDro database were utilised if available. Articles that did not have a score available were scored independently by two reviewers (EC & SB) and scores were agreed. When there was a discprepancy in scores, differences were resolved via discussion which included a third reviewer. When two or more articles were from the same trial but reporting different outcome measures they were combined and considered as a single study and PEDro scores of articles published from the same trial were averaged.
Within included studies, interventions consisting of prescribed exercise (aerobic, strengthening, stretching) were considered as exercise interventions, those based on behaviour change theory or motivational interviewing were considered as behaviour change interventions, those consisting of education or advice were considered as education interventions. Any interventions that consisted of a combination of exercise, behaviour change or education were considered as such. Dropout rates of ≤5%, 6-19% and ≥20% were considered as low, moderate and high respectively in accordance with Fewtrell et al. (2008) ; and disability ranges of mild (EDSS 0-4.0, PDDS 0-3), moderate (EDSS 4.5-6.5, PDDS 4-6) and severe (EDSS ≥7.0, PDDS ≥7) were used to differentiate between people with MS with different levels of ambulatory dysfunction [27] .
Results

Outcome of search
From the electronic search, 7412 articles were identified ( Figure 1 ). From these 3225 duplicates were removed. Out of the remaining records reviewed by title and abstract, 3867 and 273 records were removed by title and abstract, respectively.
Forty-seven articles were selected for full text review. Following this, 17 articles were excluded, resulting in 30 included articles for review. In three instances articles were published from the same study and were therefore combined. In total, 25 individual studies, published over 30 articles were included within this review ( Figure 1 ). Full results of the PEDro scoring are reported in Table 1 . 
Quality assessment and study characteristics
PEDro scores ranged from 3 to 8 out of 10, (mean score of 6.2 ± 1.5), with the majority of trials (n=21) obtaining a score of 5 out of 10 or more indicating higher quality ( Table 1) . Lower scores were mainly caused by lack of blinding of participants, therapists or assessors, and failing to conduct analyses with intention to treat where appropriate.
The included studies covered 25 RCTs described in 30 articles. A total of 1697 participants were included in the review with study samples ranging from 14 to 218 participants. Studies evaluated interventions based upon exercise prescription (n=5) [28] [29] [30] [31] [32] ; behaviour change interventions (n=10) [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] ; exercise prescription and behaviour change interventions (n=7) [47] [48] [49] [50] [51] [52] [53] [54] ; and health promotion education (n=3)
[55-57] ( Table 2 ).
The length of interventions ranged from 1 week [33] to 6 months [29, [37] [38] [39] [40] (Table   2 ). The majority of studies (n=14) lasting 8-12 weeks [28, 30, 31, 34, 35, [41] [42] [43] [44] [48] [49] [50] [51] [52] 55, 57] ; with other interventions lasting four [47] , five [56] and six months [29, [37] [38] [39] [40] 46, 54] . Thirteen studies did not follow-up participants after the intervention period, while 12 studies included a follow-up assessment of participants at 1 month [33] ; 3 and 6 months [34, 57] , 6 months only [30, [41] [42] [43] 49 
Dropout, adherence, adverse events
Dropout rates were low in seven studies [28, [34] [35] [36] 43, 45, 55] ; moderate in 15 studies [29, 31, 33, 41, 42, 44, [46] [47] [48] [49] [50] [51] [52] [53] [54] 56, 57] ; and high in two studies [30, 32] . In one study, published over four articles [37] [38] [39] [40] there were notable discrepancies in their reporting of 'non-completers' in one trial, published over four papers, with between 7 and 20% of participants not providing post-intervention data [37] [38] [39] [40] . Adherence (measured via self-report, website log-ins, attendance to face-toface/telephone/video conferencing sessions) to the intervention was reported to be 75% or greater in 14 studies [28, 29, [34] [35] [36] [37] [38] [39] [40] 43, [46] [47] [48] 50, 51, 56, 57] , less than 75% in seven studies [30] [31] [32] 44, 45, [52] [53] [54] , while adherence was not reported in four studies [33, 41, 42, 49, 55] . Ten trials reported that no adverse events occurred [28, 29, 35, [41] [42] [43] 46, 48, 50, 54, 57] , while three trials [32, 47, 52, 53] reported mild adverse events (hip pain, spasticity, symptom exacerbation, increased fatigue). The remaining 12 trials did not report if any adverse events occurred [30, 31, 33, 34, [36] [37] [38] [39] [40] 44, 45, 49, 51, 55 ,56] ( Table 2) . MS relapses were reported in three trials only [48, 50, 57] , four trials reported no MS relapses [28, 40, 43, 47] , while the remaining 18 trials failed to report the occurrence of relapses [29] [30] [31] [32] [33] [34] [35] [36] 41, 42, [44] [45] [46] 49, [51] [52] [53] [54] [55] [56] .
Disability level and type of MS
Generally studies recruited participants with a range of disability levels. People with mild disability only were recruited in four trials [28, 30, 47, 52] ; moderate disability only in one trial [31] and severe disability only in one trial [35] . Participants with mildmoderate disability were recruited in 16 trials [29,33,34,36-46,48- [36, 43, 44, 49, 56] , and four study did not report MS type [28, 33, 50 ,51] ( Table 2 ).
The majority of trials (n=16) found positive results for physical activity outcomes following the intervention [28] [29] [30] [31] 33, 34, 36, [41] [42] [43] [44] [45] 48, 49, [54] [55] [56] . Four trials found inconclusive results between measurement methods reported within studies [32, [37] [38] [39] 46, 47] , while an additional four trials did not report improvements in physical activity compared to control after the intervention [35, 50, 51, 57] . With regards to sedentary behaviour, there were only two trials, including those with mild-moderate disability, which reported sedentary behaviour as an outcome with conflicting results found between trials [29, 40] (Table 2 ; Table 3 ).
TABLE 3 NEAR HERE
Intervention type and dosage
Behaviour change: Of the 10 behaviour change interventions five trials incorportated telephone support or counselling with face-to-face appointments [41, 42, 45] with optional exercise DVD and home-monitoring [34] , newsletters [36] or wheelchair skills training [35] ; four trials delivered the intervention via the internet [37] [38] [39] [40] 43, 44, 46] while only one trial delivered the intervention in small group sessions [33] . Six trials stated their interventions were based on Social Cognitive Theory (SCT) [35] [36] [37] [38] [39] [40] 43, 44, 46] , while motivational interviewing was utilised by four trials [33, 34, 41, 42, 45] . The duration and number of sessions of interventions based on behaviour change tended to be poorly described in the included trials. Only four trials [33, 34, 41, 42, 45] fully reported the duration and number of sessions of their interventions lasting a total of 180 minutes (3hrs within 1 week) [33] , 210-240 minutes (3.5-4hrs within 12 weeks) [45] , 251 minutes (4.2hrs within 6 weeks) [34] and 310-330 minutes (5.2-5.5hrs within 12 weeks) [41, 42] , and all reported a positive impact on physical activity outcomes [33, 34, 41, 42, 45] . The remaining five trials provided insufficent information to calculate total duration [35] [36] [37] [38] [39] [40] 43, 44, 46] (Table 2) .
Exercise: Of the five exercise intervention trials, programmes were delivered within a gym environment [28, 32] via DVD [29] , the internet [30] or within a group format [31] .
Exercise programmes tended to be poorly described with three trials providing insufficent information on the duration and/or number of exercise sessions [28] [29] [30] .
The remaining two trials prescribed exercise interventions of between 600 minutes (10 hours within 4 weeks) [32] and 1440 minutes (24 hours within 12 weeks) [31] .
Mostert and Kesselring [32] found improvements in sport physical activity, while no change was found in work or leisure physical activity, conversely Learmonth et al.
[31] found a significant improvement in total physical activity. Interventions in all but one trial [32] lasted 12 weeks or more. From these results it appears that the higher the duration of exercise performed the more likely participants will increase their physical activity. Activity questionnaires were all used in one trial each [28, 31, 39, 41, 42, 49, 57] .
Sedentary behaviour was measured in two trials and in both cases using subjective methods; Sitting Time Questionnaire [29] and IPAQ [40] .
Characteristic/feature of Physical Activity or Sedentary Behaviour
Total Physical Activity reported effect sizes or change scores only, as such percentage change could not be calculated (Table 3) .
Leisure-time Physical Activity
A total of 13 trials (reported over 14 articles) investigated leisure physical activity [29, 32, 34, [36] [37] [38] 43, 44, [46] [47] [48] [49] [50] 52] . The majority of studies (n=10) found significant improvements in leisure-time physical activity [29, 34, [36] [37] [38] 43, 44, [46] [47] [48] .while three trials reported no improvement [32, 50, 52] (Table 3 ). Improvements in leisure-time physical activity remained significant at follow-up in three out of six trials that included a follow-up assessment [34, 43, 49] (Table 3) . While Coote et al. [52] reported significant within group improvments at post-intervention and at three and six month follow-up these improvements were not significant compared to the active control group (Table 3 ). Significant improvements were reported across interventions of behaviour change (n=6) [34, [36] [37] [38] 43, 44, 46] , exercise prescription (n=1) [29] and combined exercise and behaviour change (n=3) [47] [48] [49] . Compared to control or active control groups leisure-time physical activity improved by an average of 79% (SD 29%) between baseline and post-intervention (Table 3) .
Moderate-Vigorous Physical Activity
Four trials investigated MVPA [29, 37, 46, 47] , of which only one found significant improvements in MVPA [29] ( 
Steps taken
Two trials investigated steps taken per day [48, 52] , both of which investigated the effects of combined exercise and behaviour change interventions. A significant improvement of 689 steps/day was found by Carter et al. [48] , however this improvement was not maintained at 9 month follow-up ( Table 2 ; Table 3 ). While
Coote et al. [52] found no within or between group difference in steps taken at postintervention and at three and six month follow-up (Table 3) .
Sitting time
Two trials investigated sedentary behaviour [29, 40] . Klaren et al. [40] reported significant improvements in sedentary behaviour following a six month internet behaviour change intervention; while McAuley et al. [29] reported no change in weekday or weekend sitting time following six months of an exercise intervention ( Table 2 ; Table 3 ). No follow-up assessments were conducted in either trial. Both trials employed subjective methods to measure sedentary behaviour. While significant improvements were reported by Klaren et al. [40] there were large differences in sitting time at baseline between groups (intervention group-550(±223) mins/day, control group-412(±193) mins/day).
Other outcomes
Three trials investigated other physical activity outcomes. Tallner et al. [30] reported a significant improvement in Sport physical activity after three months of an internetbased exercise intervention, yet this improvement was not maintained at six month follow-up. A significant improvement was also reported in sport physical activity, while no improvement was reported in Work physical activity conducted by Mostert and Kesselring [32] following a four week exercise intervention (Table 3 ). Finally, Hugos et al. [57] reported no improvement in the frequency of cardiovasular, strengthening and flexibility exercise performed by participants after a six week fatigue education intervention ( Table 2 ; Table 3 ).
Discussion
The However, within these trials participants were not meeting the disease-specific physical activity guidelines prior to, or following the intervention [58] .
In general, studies which reported subjective physical activity found significant improvements. Six trials used objective measurement tools to assess the effects interventions had on physical activity of which only one [48] reported significant improvements. Only two studies reported sedentary behaviour, finding conflicting results [29, 40] , both of which utilised subjective methods. The reasons for the discrepancies between objective and subjective measures remain unclear. It is well recognised that self-report questionnaires are limited in their validity due to issues such as memory recall, social desirability and are subject to overestimation, particularly in inactive populations [61] . In addition, these measurement tools are potentially measuring different aspects of physical activity or periods of time particularly if participants complete a retrospective self-report questionnaire prior to attaching an activity monitor to objectively and prospectively measure physical activity. Self-report tools can vary in the recall period the respondent has to consider, such as previous day/week; while some, such as the Godin Leisure-Time This systematic review has a number of limitations. Firstly, only RCTs were included.
While RCTs are among the highest levels of evidence due to their reduced risk of bias, this review did not consider high quality cohort or case-controlled studies.
Included studies were further limited to English language; as a result, language bias may be present. Finally, this review is limited in its generalisability in that the however, this most often is not the case when physical activity is assessed objectively, but further confirmation is needed. Furthermore, there is a lack of evidence to support the effectiveness of these interventions on sedentary behaviour. 
